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Minimally invasive surgeryBackground: Treatment modalities for degenerative cervical spine disease are widely debated and reﬁned as new
surgical techniques are developed. The current case series compares two common cervical spine procedures, ante-
rior cervical discectomy and fusion (ACDF) and minimally invasive posterior keyhole foraminotomy (MIPKF). The
decision making process of the two surgical approaches is discussed, and the long term outcomes are presented.
Methods: A retrospective chart review of surgical patients having either an ACDF or MIPKF with an extensive chart
review. Over 570 patient chartswere identiﬁed and reviewedbetween1994 and2011. After exclusion, a total of 268
patients were identiﬁed in the ACDF group, and 112 patients were identiﬁed in theMIPKF group. Primary outcome
measurement was the need for any reoperation, whether at the same level or adjacent levels due to recurrence of
disease or adjacent level disease.
Results: An average follow-up of 11.8 (±3.0) years in the ACDF group and 6.4 (±4.4) years in theMIPKF groupwas
determined over a 17 year period. There was a reoperation rate of 2.6% in the ACDF group and 2.7% in the MIPKF
group during the 17 year time period.
Conclusion:ACDFhas beendemonstrated to be an effective surgical procedure in treating degenerative spine disease
in patients with radiculopathy and/ormyelopathy. However, in a populationwith isolated radiculopathy and radio-
logical imaging conﬁrming an anterolateral disc or osteophyte complex, theMIPKF can provide similar results with-
out the associated risks that accompany an anterior cervical spine fusion.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Degenerative disease of the cervical spine is a leading cause of neck
and arm symptoms. If the pathology is a herniated disk, the disk can be
removed and the spinal segment fused in the common anterior cervical
discectomy and fusion (ACDF) operation. Alternatively, for a lateral disk
herniation with associated radiculopathy, a posterior foraminotomy
that decompresses the individual nerve root can be performed.
There is some evidence that a fusion at one cervical disk level subjects
the levels above and below to higher forces [1–3], andmany surgeons be-
lieve that fusion increases the risk for adjacent segment disease. Thus, the
foraminotomy procedure potentially reduces the risk of disk herniation at
the adjacent levels. In appropriate patients, the foraminotomy would
therefore be the preferred surgical procedure given several studies dem-
onstrating that its efﬁcacy is similar to that of an ACDF procedure [4–15].
Further reﬁnements to the foraminotomy procedure have been
made with the recent development of commercially available minimal-
ly invasive surgery instruments [16–18]. These dilators and tubes allowSuite 7-420, Washington, DC
. This is an open access article underthe muscles to be spread rather than cut, thus preserving more of the
natural anatomy of the cervical spine. The senior author has been
performing the foraminotomy procedure through a custom made re-
tractor for years prior to the advent of the commercially available sets,
giving George Washington University one of the oldest series of mini-
mally invasive posterior keyhole foraminotomies (MIPKF).
Previous series have evaluated the adjacent level disk herniation risk
of ACDF procedures [19–26] and foraminotomy procedures [27]. Other
studies have compared ACDF to foraminotomy for clinical efﬁcacy out-
comes [28–30], but no single series comparing the two procedures for
subsequent adjacent level disk herniation and rate of reoperation has
been performed. Thus, this study compares the incidence of adjacent
level degeneration between patients who received an ACDF and those
with a MIPKF performed by the same surgeon at George Washington
University over a ﬁfteen-year period.
2. Methods
A retrospective chart reviewwas performed with the approval by the
GeorgeWashington University Institutional Review Board under IRB pro-
tocol# 100724. The retrospective chart review ranged between 1994 and
2011 with the search criteria including patients undergoing an ACDF orthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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formed using current procedural terminology (CPT) codes: CPT code
#22554 was used for ACDF, and CPT code #63020 was used for MIPKF
The chart review detailed each patient’s age, surgical indication,
level(s) of operation, follow-up dates, and possible reoperation. Exclu-
sion criteria included age less than 18 and inadequate chart information
such as lack of operative level, age,MRI reports, or surgical indication(s).
Patients whowere operated on for traumatic discs, fractures, tumor, in-
fection, or vascular lesionswere also excluded from the analysis. Further
information such as MRI reports, neurological exams, surgical indica-
tions, and types of surgery performed was also obtained. A total of 268
ACDF and 112 MIPKF cases met the inclusion criteria, while 199 cases
were excluded.
2.1. Surgical methods
2.1.1. Minimally invasive posterior keyhole foraminotomy
After induction of general anesthesia, large bore IVs are obtained by
the anesthesiologist, and placement of a precordial Doppler is used in
preparation for the semi-sitting position. Blood pressure is maintained
with a mean arterial pressure goal of N75; no neuromonitoring is
used. The patient is then placed in a semi-sitting position supported
by the horse-shoe headrest with rubber straps for stabilization (Fig. 1).
A C-arm ﬂuoroscopy unit is then introduced to visualize and obtain
the correct spinal level. Rarely is there any taping of the shoulders to ob-
tain a view of the lower cervical levels due to gravity. All pressure points
are padded, including placement of a pillow at the sacrum.
Prior to the use of the shower drape (Large Isolation Drape with
3 M™ Ioban™ 2 Incise Film and Pouch, St. Paul, MN) two split drapes
with C-arm covers were used to create the surgical ﬁeld (Fig. 2). Prior
to the advent of commercial tube dilators such as the METRx™ system
(Medtronic, Inc., Minneapolis, MN), the senior author used a series of
self-retaining speculums to create the surgical corridor (Fig. 3). After in-
jection with a local anesthetic, a 2.5 cm skin incision is made after con-
ﬁrmation with ﬂuoroscopy. Before the laminotomy is performed, the
operating microscope is brought into the surgical ﬁeld and used for
the remainder of the case.
Using a high speed pneumatic drill with the TAC-125 drill-bit
(Medtronic, Inc., Minneapolis, MN), a small keyhole is created betweenFig. 1.Minimally invasive posterior keyhole foraminotomy patient positioning setup. This
lateral view demonstrates the ﬁnal setup showing the towel clamps going through the
strap and secured to the Mayﬁeld bars with the patient’s face lightly pressed against the
horseshoe head holder.
Fig. 2. (a) Shower drape view from the front with the C-arm arched over the patient.
(b) Operative view showing a large sterile operative ﬁeld.the lateral 1/3 of the lamina and the medial facet. With visualization of
the nerve, a blunt dissector is then used to gently manipulate the nerve
root in order to remove the soft fragment of herniated disc. Some pa-
tients with a posterior disk/osteophyte complex may require more del-
icate removal using the high speed drill and a series of curved curettes.
For degenerative narrowing of the neural foramina without a
fragmented disk or osteophyte complex, bony decompression of the in-
ferior portion of the rostral pedicle with the high speed drill and curved
curettes through the foramina is performed. Incision of the disk is not
routinely performed; rather disc fragments compressing the exiting
nerve are easily dissected and removed. Once the nerve has been de-
compressed from a medial to lateral direction, a blunt nerve hook is
often used to assess the foramen for adequate decompression. It is
also possible to take into consideration the pulsation of CSF around
the nerve root to assess for adequate decompression with the operating
microscope; however, this is not predictive of success in our experience.
Fig. 3. Self-retaining retractors used prior the commercially available tube-dilators. These
were kept open with a latex rubber glove tied at the hand piece.
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stitches. Patients are routinely discharged from the hospital the same day.Fig. 4.MRI C-spine from a patient presenting with myeloradiculopthy with degenerative
disc and central disc herniations. (Left) Axial T2 imaging showing central disc protrusion
at C5–6. (Right) T2 sagittal imaging showing two affected levels of C5-6 and C6-7.2.1.2. Anterior cervical discectomy and fusion
Fiberoptic endotracheal intubation is routinely utilized inmyelopathic
patients to avoid further spinal cord injury fromexcessive neck extension.
This procedure is performed routinely without neuromonitoring via a
right-sided approach by the senior author. Pre-operative workup for pos-
sible vocal cord paralysis with an otolaryngologist is necessary for pa-
tients undergoing re-operation.
Folded sheets are placed between the shoulder blades to allow the
shoulders to fall away from the c-spine, with a slight extension of the
head resting in a donut head-holder. All pressure points are padded to
avoid peripheral neuropathies, and the shoulders are taped to thebottom of the operating table only if visualization of lower disc level
is inadequate.
The surgical approach to the cervical disc is byway of a transverse in-
cision performed as described byWeinstein [31]; however, a longer inci-
sion slightly past midline or laterally across the sternocleidomastoid
muscle is used ifmultilevel surgery is indicated. Intraoperativeﬂuorosco-
py is employed to conﬁrm the level, and self-retaining retractor blades
are utilized, e.g. Medtronic Shadow-Line® (Medtronic Inc. Minneapolis,
MN), to maintain the surgical corridor throughout the case.
The discectomy is performed as routine, only with loupe magniﬁca-
tion. Remaining disk/osteophytes are removed with a custom 45° J-
shaped angled curette and a high speed pneumatic drill with the 14-
Fig. 5. Decision paradigm for ACDF and MIPKF.
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Lastly, the posterior longitudinal ligament is transected, and the dura
is visualized.
Autologous bone was routinely harvested from the iliac crest until
2002, when a transition to cadaveric allograft wasmade. Standard plat-
ing and screws are used, and the wound is closed with interrupted su-
tures in the platysma and an absorbable subcutaneous stitch.Fig. 6.MRI C-spine from a patient with isolated right C7 radiculopathy. Image on the left
conﬁrms the C6–7 level and that on the right demonstrates right foramina stenosis with
herniated disc and posterior osteophyte complex.3. Results
The CPT code search criteria allowed for 579 matches. A total of 268
ACDF and 112MIPKF casesmet inclusion criteria. Patient’s age, sex, date
of surgery, surgical procedure, indications, follow-up dates, and reoper-
ation date (including type of surgery and indications) were recorded in
a spreadsheet database. Over the past 15 years, the ACDF group had a
total of 7 reoperations (2.6% reoperation rate), and the MIKPF group
had 3 reoperations (2.7% reoperation rate).
The ACDF population had an average age of 47.4 ± 9.6 years. The
MIPKF population had an average age of 50.2 ± 9.0 years. Ages in the
ACDF patients ranged from 22 to 73.3 years while the MIPKF patients
ranged from 30.1 to 72.5 years. The median age was 47.5 and 50.4 in
ACDF and MIPKF cases, respectively. The ACDF group had 145 males
with 123 females, and the MIPKF group contained 78 males and 34 fe-
males. Patient follow-up in the ACDF population averaged 11.8 ± 3.0
years, with a median of 11.2 years and a range of 5.5 to 17.9 years. As
for the MIPKF population, it had an average follow-up of 6.8 ± 4.4
years, with a median of 5.4 years and a range of 1.0 to 17.9 years
Among the surgical levels, a single level ACDF at C5–6 was the most
common with 56 cases, followed by the single level C6–7 and two level
C5–6/C6–7 fusion (each with 51 cases) (Chart 1). In the posterior
foraminotomy series the most frequent level of operation was C6–7
with 55 cases followed by C5–6 with 27 cases (Chart 2).
Of the 7 ACDF reoperations: 1 case resulted in adjacent level ACDF,
one case was a keyhole foraminotomy at the same level as the prior
ACDF, four had reoperationswith a keyhole foraminotomy at a different
level, and one required a C3–7 laminectomy after a C5–6 ACDF ﬁve
months earlier (Table 1).
With respect to the keyhole foraminotomy surgeries, all three
reoperations were ACDFs at the level of the previous operation. Two of
the cases were single level keyhole foraminotomies performed at
C5–6, which were followed by an ACDF at C5–6 and C6–7 (patient
ID#523 and #517) 3.8 years and 2.2 years later, respectively. The third
case was a keyhole foraminotomy at C6–7 with a C6–7 ACDF reopera-
tion 2.4 years later (Table 2).Patients with more than 2 operations in this series were rare; how-
ever, two patients, #64 and #66, had a total of 3 operations (Table 3).
Patient #64 underwent a prior two level ACDF at C5–6/C6–7 performed
by another surgeon at age 34. He presented to us 15 years later with ad-
jacent segment disease that required a single level fusion at C4–5. He
came back 6 years later with a lateral disk on the left at C3–4 which re-
quired a MIPKF. Patient #66 had a 2 level ACDF at C5–6/C6–7 per-
formed; however, he returned within the year complaining of
recurrent left sided radicular symptoms. A MIPKF procedure was per-
formed at the C6–7 level with relief of his symptoms. He returned
4 years later with adjacent segment disease at C4–5, and a single level
ACDF was performed.
Chart 1. ACDF Procedures 1994–2011.
Chart 2.MIPKF Procedures 1994–2011.
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Table 1
Initial ACDF surgery requiring reoperation.
Pt.
ID














11 54 M ACDF 1 C6–7 4.8 MIPKF (right) 1 C5–6
38 41 M ACDF 2 C4–5, C5–6 3.5 ACDF 1 C6–7
64 49 F ACDF 2 C5–6, C6–7 15.0 ACDF 1 C4–5 6.44 MIPKF (left) 1 C3–4
66 41 M ACDF 2 C5–6, C6–7 0.6 MIPKF (left) 1 C6–7 5 ACDF 1 C4–5
272 59 M ACDF 1 C5–6 0.5 Laminectomy 4 C3–7
444 30 M ACDF 2 C5–6, C6–7 1.9 MIPKF (left) 1 C7–T1
469 48 F ACDF 3 C4–5, C5–6, C6–7 8.4 MIPKF (left) 1 C7–T1
Pt. ID: patient identiﬁer, ACDF: anterior cervical discectomy and fusion, MIPKF: minimally invasive posterior keyhole foraminotomy.
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Recent U.S. Medicare data have shown that there are approximately
115,00 cervical spine surgeries performed in the United States annually
[32]. Thus, the correct surgical approach is critical to decrease patient
morbidity, to avoid reoperations, and to decrease overall healthcare costs.
In this study, we used CPT codes as opposed to International Classi-
ﬁcation of Disease-9 (ICD-9) codes to focus solely on our surgical patient
population. Our results showed that in the ACDF dataset, reoperation
occurred in 7 of the 268 patients (2.7%); one of which was due to adja-
cent segment disc disease. Hilibrand et al., reported the incidence of
adjacent-segment disease to be 2.9% (approximately 25.6% at 10
years), but their results were based on radiological follow-up as op-
posed to rate of reoperation [21]. More recent analysis has shown adja-
cent segment disease after ACDF to be 11% at 5 years [24].
Our MIPKF dataset had a 2.7% reoperation rate which is comparable
to Clarke et al., where 303 cases with a single level posterior
foraminotomy demonstrated a 2.9% reoperation rate [27]. Moreover,
Henderson et al., reported 846 foraminotomy cases with a 3% reopera-
tion rate for recurrent radiculopathy [5].
4.1. Decision-making/cost consideration
ACDF pioneered by Smith/Robinson [33] and Cloward [34] has been
considered a “gold standard” [35] in symptomatic patients who present
with radiological imaging showing either a central disc herniation or a
broad-based/paracentral disc [26,36] (Fig. 4). Over time we have
learned that ACDF is advantageous for restoration of height at the de-
generative level [37], thus enlarging the foramen, restoring cervical
lordosis [38–41], and thereby contributing to improvement in overall
spinal alignment [39,40].
The decision to perform an ACDF versus a posterior keyhole
foraminotomy is made on a case-by-case basis, and many times is de-
pendent on surgeon experience. Based on our decision-making para-
digm (Fig. 5), patients who have unilateral cervical radiculopathy with
radiological ﬁndings showing an isolated paracentral disc or a lateral
disc/osteophyte complex receive a posterior foraminotomy (Fig. 6).
Exceptions include those with ventral pathology in conjunction with
bilateral radiculopathy, myelopathy on physical exam, or severe kypho-
sis. In addition, if three or more levels require decompression, or if cen-
tral spondylosis is present [14], MIPKF is not recommended [42]. InTable 2
Initial MIPKF surgery requiring reoperation.
Pt. ID Age Sex Procedure No. Levels Right vs Left Side Lev
517 54 M MIPKF 1 L C5–
523 30 M MIPKF 1 L C5–
562 57 F MIPKF 1 R C6–
Pt. ID: patient identiﬁer, ACDF: anterior cervical discectomy and fusion, MIPKF: minimally invapatients with corresponding radiological ﬁndings and myelopathy
or myeloradiculopathy on physical exam, an ACDF is recommended.
Given the same beneﬁt or outcome for a speciﬁc patient, the risks as-
sociated with each procedure are also considered. The ACDF procedure
risks include: dysphagia [22,43–45], vocal cord paralysis [46], C5 palsy
[47], esophageal perforation, carotid sheath injury, post-operative hema-
toma, adjacent segment disease [2,19,22,23], and pseudoarthrosis [22].
TheMIPKFprocedure risks include inadequate decompression or removal
of the disk fragment, nerve root injury [15], vertebral artery injury, and
risk of air embolism from the semi-sitting position [48–50]. In addition,
previous analysis has shown that a single level posterior foraminotomy
costs $3570, while a single level ACDF costs $10,078, a difference of
$6508 [51]. Thus, in patients with isolatedmonoradiculopathy from a lat-
eral disk/osteophyte complex, the MIPKF procedure may provide advan-
tages such as preservation of cervical motion, reduced morbidity, and
lower direct cost.5. Limitations
Because this case series is a retrospective review, follow-up physical
examination and radiological imaging in patients after completed treat-
ment are inherently limited. The true number of patients who have im-
proved symptoms or who have completely recovered cannot be
determined, and even those who worsened may have sought second
opinions. Overall, this analysis focused on an objective endpoint, wheth-
er another surgical intervention was required. The authors also empha-
size that this case series does not suggest superiority of MIPKF to ACDF
or vice versa, but the former may provide adequate beneﬁt with de-
creased risk in patients with isolated monoradiculopathy from a lateral
disk/osteophyte complex.6. Conclusion
In conclusion, there are still controversies in the surgical manage-
ment of degenerative cervical spine pathology. Successful outcomes
depend on surgeon selection of the appropriate approach for the indi-
vidual patient. Of note, patients with monoradiculopathy and a
paracental discmay beneﬁt from aMIPKF procedure, as the risk of reop-
eration is similar to that of an ACDF.el Reoperation (Years) Procedure No. Levels Level of Operation
6 2.21 ACDF 2 C5–6, C6–7
6 3.76 ACDF 2 C5–6, C6–7
7 2.37 ACDF 1 C6–7
sive posterior keyhole foraminotomy.
Table 3
Patients that required multiple (N2) cervical spine surgeries.
Pt. ID Age Surgery Level
64 34 ACDF C5–6, C6–7
49 ACDF C4–5
55 MIPKF C3–4
66 41 ACDF C5–6, C6–7
41 MIPKF C6–7
46 ACDF C4–5
Pt. ID: patient identiﬁer, ACDF: anterior cervical discectomy and fusion, MIPKF: minimally
invasive posterior keyhole foraminotomy.
175R.M. Young et al. / Interdisciplinary Neurosurgery: Advanced Techniques and Case Management 2 (2015) 169–176Disclosures/Conﬂict of Interest statement
All authors certify that they have no afﬁliations with or involvement
in any organization or entity with any ﬁnancial interest (such as hono-
raria; educational grants; participation in speakers’ bureaus; member-
ship, employment, consultancies, stock ownership, or other equity
interest; and expert testimony or patent-licensing arrangements), or
non-ﬁnancial interest (such as personal or professional relationships,
afﬁliations, knowledge or beliefs) in the subject matter or materials
discussed in this manuscript.Institutional Review Board
George Washington University IRB Protocol # 100724.References
[1] J. Pospiech, D. Stolke, H.J. Wilke, L.E. Claes, Intradiscal pressure recordings in the cer-
vical spine, Neurosurgery 44 (2) (1999) 379–384 (discussion 84–5).
[2] J.C. Eck, S.C. Humphreys, T.H. Lim, S.T. Jeong, J.G. Kim, S.D. Hodges, et al., Biomechan-
ical study on the effect of cervical spine fusion on adjacent-level intradiscal pressure
and segmental motion, Spine 27 (22) (2002) 2431–2434.
[3] C.G. Lopez-Espina, F. Amirouche, V. Havalad, Multilevel cervical fusion and its effect
on disc degeneration and osteophyte formation, Spine 31 (9) (2006) 972–978.
[4] R.W.Williams, Microcervical foraminotomy. A surgical alternative for intractable ra-
dicular pain, Spine 8 (7) (1983) 708–716.
[5] C.M. Henderson, R.G. Hennessy, H.M. Shuey Jr., E.G. Shackelford, Posterior–lateral
foraminotomy as an exclusive operative technique for cervical radiculopathy: a re-
view of 846 consecutively operated cases, Neurosurgery 13 (5) (1983) 504–512.
[6] W. Krupp, H. Schattke, R. Muke, Clinical results of the foraminotomy as described by
Frykholm for the treatment of lateral cervical disc herniation, Acta Neurochir 107
(1-2) (1990) 22–29.
[7] C. Woertgen, M. Holzschuh, R.D. Rothoerl, E. Haeusler, A. Brawanski, Prognostic fac-
tors of posterior cervical disc surgery: a prospective, consecutive study of 54 pa-
tients, Neurosurgery 40 (4) (1997) 724–728 (discussion 8–9).
[8] C.P. Silveri, J.M. Simpson, F.A. Simeone, R.A. Balderston, Cervical disk disease and the
keyhole foraminotomy: proven efﬁcacy at extended long-term follow up, Orthope-
dics 20 (8) (1997) 687–692.
[9] G.R. Kumar, R.S. Maurice-Williams, R. Bradford, Cervical foraminotomy: an effective
treatment for cervical spondylotic radiculopathy, Br J Neurosurg 12 (6) (1998) 563–568.
[10] J.P. Grieve, N.D. Kitchen, A.J. Moore, H.T. Marsh, Results of posterior cervical
foraminotomy for treatment of cervical spondylitic radiculopathy, Br J Neurosurg
14 (1) (2000) 40–43.
[11] C. Woertgen, R.D. Rothoerl, J. Henkel, A. Brawanski, Long term outcome after cervi-
cal foraminotomy, J Clin Neurosci 7 (4) (2000) 312–315.
[12] A. Witzmann, N. Hejazi, L. Krasznai, Posterior cervical foraminotomy. A follow-up
study of 67 surgically treated patients with compressive radiculopathy, Neurosurg
Rev 23 (4) (2000) 213–217.
[13] A. Schoggl, M. Reddy, W. Saringer, K. Ungersbock, Social and economic outcome
after posterior microforaminotomy for cervical spondylotic radiculopathy, Wien
Klin Wochenschr 114 (5-6) (2002) 200–204.
[14] A. Jodicke, D. Daentzer, S. Kastner, S. Asamoto, D.K. Boker, Risk factors for outcome
and complications of dorsal foraminotomy in cervical disc herniation, Surg Neurol
60 (2) (2003) 124–129 (discussion 9–30).
[15] Y.S. Caglar, M. Bozkurt, G. Kahilogullari, H. Tuna, A. Bakir, F. Torun, et al., Keyhole ap-
proach for posterior cervical discectomy: experience on 84 patients, Minim Invasive
Neurosurg 50 (1) (2007) 7–11.
[16] R.G. Fessler, L.T. Khoo, Minimally invasive cervical microendoscopic foraminotomy:
an initial clinical experience, Neurosurgery 51 (5 Suppl.) (2002) S37–S45.
[17] L.T. Holly, P. Moftakhar, L.T. Khoo, J.C. Wang, N. Shamie, Minimally invasive 2-level
posterior cervical foraminotomy: preliminary clinical results, J Spinal Disord Tech
20 (1) (2007) 20–24.[18] D.L. Hilton Jr., Minimally invasive tubular access for posterior cervical foraminotomy
with three-dimensional microscopic visualization and localization with anterior/
posterior imaging, Spine J 7 (2) (2007) 154–158.
[19] D.R. Gore, S.B. Sepic, Anterior discectomy and fusion for painful cervical disc disease.
A report of 50 patients with an average follow-up of 21 years, Spine 23 (19) (1998)
2047–2051.
[20] S. Matsunaga, S. Kabayama, T. Yamamoto, K. Yone, T. Sakou, K. Nakanishi, Strain on
intervertebral discs after anterior cervical decompression and fusion, Spine 24 (7)
(1999) 670–675.
[21] A.S. Hilibrand, G.D. Carlson, M.A. Palumbo, P.K. Jones, H.H. Bohlman, Radiculopathy
and myelopathy at segments adjacent to the site of a previous anterior cervical ar-
throdesis, J Bone Joint Surg Am 81 (4) (1999) 519–528.
[22] M.J. Bolesta, G.R. Rechtine II, A.M. Chrin, One- and two-level anterior cervical
discectomy and fusion: the effect of plate ﬁxation, Spine J 2 (3) (2002) 197–203.
[23] J. Gofﬁn, E. Geusens, N. Vantomme, E. Quintens, Y. Waerzeggers, B. Depreitere, et al.,
Long-term follow-up after interbody fusion of the cervical spine, J Spinal Disord
Tech 17 (2) (2004) 79–85.
[24] H. Ishihara, M. Kanamori, Y. Kawaguchi, H. Nakamura, T. Kimura, Adjacent segment
disease after anterior cervical interbody fusion, Spine J 4 (6) (2004) 624–628.
[25] H. Sakaura, N. Hosono, Y. Mukai, T. Ishii, M. Iwasaki, H. Yoshikawa, Long-term out-
come of laminoplasty for cervical myelopathy due to disc herniation: a comparative
study of laminoplasty and anterior spinal fusion, Spine 30 (7) (2005) 756–759.
[26] W.M. Yue, W. Brodner, T.R. Highland, Long-term results after anterior cervical
discectomy and fusionwith allograft and plating: a 5- to 11-year radiologic and clin-
ical follow-up study, Spine 30 (19) (2005) 2138–2144.
[27] M.J. Clarke, R.D. Ecker, W.E. Krauss, R.L. McClelland, M.B. Dekutoski, Same-segment
and adjacent-segment disease following posterior cervical foraminotomy,
J Neurosurg Spine 6 (1) (2007) 5–9.
[28] F.P. Wirth, G.C. Dowd, H.F. Sanders, C. Wirth, Cervical discectomy. A prospective
analysis of three operative techniques, Surg Neurol 53 (4) (2000) 340–346 (discus-
sion 6–8).
[29] B.H. Chen, R.N. Natarajan, H.S. An, G.B. Andersson, Comparison of biomechanical re-
sponse to surgical procedures used for cervical radiculopathy: posterior keyhole
foraminotomy versus anterior foraminotomy and discectomy versus anterior
discectomy with fusion, J Spinal Disord 14 (1) (2001) 17–20.
[30] M.C. Korinth, A. Kruger, M.F. Oertel, J.M. Gilsbach, Posterior foraminotomy or anteri-
or discectomywith polymethyl methacrylate interbody stabilization for cervical soft
disc disease: results in 292 patients with monoradiculopathy, Spine 31 (11) (2006)
1207–1214 (discussion 15–6).
[31] S. Rengachary, D. Rengachary, R. Wilkins, I. Germano, Neurosurgical operative atlas,
in: Thieme (Ed.) American Association of Neurological Surgeons, Park Ridge, Illinois
USA, 1997.
[32] Medicare.gov, Cervical spine surgeries: data. Medicare.gov. Centers for Medicare &
Medicaid Services, 2013 [cited Aug 2013].
[33] R.A. Robinson, G.W. Smith, Anterolateral cervical disc removal and interbody fusion
for cervical disc syndrome, Bull Johns Hopkins Hosp 96 (5) (1955) 223–224.
[34] R.B. Cloward, The anterior approach for removal of ruptured cervical disks,
J Neurosurg 15 (6) (1958) 602–617.
[35] H.R. Winn, Cervical arthroplasty, Youmans neurological surgery. 6th ed., Saunders,
2011 4960.
[36] R.C. Bishop, K.A. Moore, M.N. Hadley, Anterior cervical interbody fusion using
autogeneic and allogeneic bone graft substrate: a prospective comparative analysis,
J Neurosurg 85 (2) (1996) 206–210.
[37] M.A. Murphy, M.B. Trimble, M.R. Piedmonte, I.H. Kalfas, Changes in the cervical fo-
raminal area after anterior discectomy with and without a graft, Neurosurgery 34
(1) (1994) 93–96.
[38] F.C. Kao, C.C. Niu, L.H. Chen, P.L. Lai, W.J. Chen, Maintenance of interbody space in
one- and two-level anterior cervical interbody fusion: comparison of the effective-
ness of autograft, allograft, and cage, Clin Orthop Relat Res 430 (2005) 108–116.
[39] R.D. Ferch, A. Shad, T.A. Cadoux-Hudson, P.J. Teddy, Anterior correction of cervical
kyphotic deformity: effects on myelopathy, neck pain, and sagittal alignment,
J Neurosurg 100 (1 Suppl. Spine) (2004) 13–19.
[40] J.L. Gum, S.D. Glassman, L.R. Douglas, L.Y. Carreon, Correlation between cervical
spine sagittal alignment and clinical outcome after anterior cervical discectomy
and fusion, Am J Orthop 41 (6) (2012) E81–E84.
[41] S.H. Hwang, M. Kayanja, R.A. Milks, E.C. Benzel, Biomechanical comparison of adja-
cent segmental motion after ventral cervical ﬁxation with varying angles of lordosis,
Spine J 7 (2) (2007) 216–221.
[42] J. Jagannathan, J.H. Sherman, T. Szabo, C.I. Shaffrey, J.A. Jane, The posterior cervical
foraminotomy in the treatment of cervical disc/osteophyte disease: a single-
surgeon experience with a minimum of 5 years' clinical and radiographic follow-
up, J Neurosurg Spine 10 (4) (2009) 347–356.
[43] C.R. Clark, D.D. Goetz, A.H. Menezes, Arthrodesis of the cervical spine in rheumatoid
arthritis, J Bone Joint Surg Am 71 (3) (1989) 381–392.
[44] A.S. Kanter, M.Y. Wang, P.V. Mummaneni, A treatment algorithm for the manage-
ment of cervical spine fractures and deformity in patients with ankylosing spondy-
litis, Neurosurg Focus 24 (1) (2008) 1–7 [E11].
[45] M.C. Wang, L. Chan, D.J. Maiman,W. Kreuter, R.A. Deyo, Complications andmortality
associated with cervical spine surgery for degenerative disease in the United States,
Spine 32 (3) (2007) 342–347.
[46] V.K. Sonntag, P.P. Han, A.G. Vishteh, Anterior cervical discectomy, Neurosurgery 49
(4) (2001) 909–912.
[47] H. Sakaura, N. Hosono, Y. Mukai, T. Ishii, H. Yoshikawa, C5 palsy after decompression
surgery for cervical myelopathy: review of the literature, Spine 28 (21) (2003)
2447–2451.
176 R.M. Young et al. / Interdisciplinary Neurosurgery: Advanced Techniques and Case Management 2 (2015) 169–176[48] M. Standefer, J.W. Bay, R. Trusso, The sitting position in neurosurgery: a retrospec-
tive analysis of 488 cases, Neurosurgery 14 (6) (1984) 649–658.
[49] L. Basaldella, V. Ortolani, U. Corbanese, C. Sorbara, P. Longatti, Massive venous air
embolism in the semi-sitting position during surgery for a cervical spinal cord
tumor: anatomic and surgical pitfalls, J Clin Neurosci 16 (7) (2009) 972–975.[50] K. Leslie, R. Hui, A.H. Kaye, Venous air embolism and the sitting position: a case se-
ries, J Clin Neurosci 13 (4) (2006) 419–422.
[51] L.M. Tumialan, R.P. Ponton,W.M. Gluf,Management of unilateral cervical radiculopathy
in the military: the cost effectiveness of posterior cervical foraminotomy compared
with anterior cervical discectomy and fusion, Neurosurg Focus 28 (5) (2010) 1–6 [E17].
